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Abstract — We suggest circuit realizations of emulators trans- 
forming memristive devices into effective floating memcapacitive 
and meminductive systems. The emulator's circuits are based 
on second generation current conveyors and involve either four 
single-output or two dual-output current conveyors. The equa- 
tions governing the resulting memcapactive and meminductive 
systems are presented. 

Index Terms — Memory, Analog circuits, Analog memories. 

THE class of memory circuit elements [ 1 1 involves mem- 
ristors Q, Q, memcapacitors |1| and meminductors 
UJ, namely resistors, capacitors and inductors, respectively, 
which retain memory of the past dynamics. While there 
are many discovered experimental realizations of memristive 
systems, the number of systems showing memcapacitive and 
meminductive behavior is still very limited fl~|. Therefore, 
electronic circuits that emulate the behavior of memcapacitive 
and meminductive elements are of significant interest. One 
way to obtain memcapacitive or meminductive response is to 
use mutators J4], Q. However, recently suggested mutators 
have some limitations Q], 0. For instance, the mutators 
discussed in reference [4 | realize grounded memcapacitive and 
meminductive systems connected in series with a resistor. The 
mutator from reference [5] simulates a grounded memcapaci- 
tive system. For applications in electronics, however, it is de- 
sirable to have emulators of memcapacitive and meminductive 
systems that can be connected between any two voltages, and 
that do not involve any additional resistances. Such circuits 
are proposed in this work. 

The suggested circuits transform a time-dependent response 
of a memristive system into effective floating memcapacitive 
and meminductive responses. The memristive system is de- 
fined by the following equations: 



[R M (x,V M ,t)] Wm, 



hi 

= f(x,V M ,t), 



(1) 

(2) 



where Im and Vm are the current through and the voltage 
across the memristive system, respectively Q, Rm is the 
memristance (time-dependent resistance), a; is a vector of the 
internal state variables and / is a device-specific function. 
The memristive system could be realized by a physical mate- 
rial/system [ 1 1 (with / given, e.g., by the equations in Ref. [6 1) 
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Fig. 1. Emulators of meminductive (a) and memcapacitive (b) systems 
employing single-output current conveyors. Here, [t] denotes implicit and 
explicit time dependence of corresponding elements. 



or it could be emulated as suggested by the present authors in 
Refs. ID, 0,10. 

Figure [TJ shows circuits of mutators employing four single- 
output second generation current conveyors (CCII+) J3, |10|. 
The main circuit's topology is based on the floating inductance 
simulation circuit fill . In addition to four active elements, 
each circuit uses three passive elements such as the memristive 
system Rm described by Eqs. ([TJ|2|, and standard linear 
R, C and L. The operation of a current conveyor can be 
characterized by the following relations: V x = V y , I x = I z , 
I y = 0. By straightforward analysis of the circuit shown in 
Fig. [JJa) we find that the circuit's response between terminals 
1 and 2 is described by 



d.r 
df 



CRR M (x,<f>/(RC),t) 
f{x,cj>/{RC),t) 



cf) = [L(x, cf), t)}^ 1 (f), (3) 



(4) 
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Fig. 2. Emulators of meminductive (a) and memcapacitive (b) systems 
employing dual-output current conveyors. The dual-output current conveyors 



satisfy the rales: V x 



■ 0, and I z 



where the flux <f> is given by <f>(t) = J (Vi(t') - V 2 {t')) df. 

o 

The analysis of the circuit presented in Fig. [TJb) results in the 
following system's equations: 



Q = 



L 



RRm {x, (Vi - 
C(x,(V 1 -V 2 ) 



(Vi - v 2 ) 



t) {Vl - V 2 ) , 



d.r 
df 



= f(x,(V 1 -V 2 ),t). 



(5) 
(6) 



It is readily seen that Eqs. (3]|4i and (5]6i describe float- 
ing flux-controlled meminductive systems JXJ and voltage- 
controlled memcapacitive systems |Q], respectively. If we 
consider equation Q and algebraically solve it with respect 
to the flux (j> (assuming a unique solution at any given time), 
we can then substitute the result into (|4]) and obtain equations 
of a current-controlled meminductive system. The same can 
be done for Eqs. |5]l and (|6]l thus transforming a voltage- 
controlled memcapacitive system into a charge-controlled one, 
provided a unique solution of Eq. |5]) exists at any given time. 

It was previously demonstrated that dual-output current con- 
veyors can be used to reduce the number of active components 
in different circuits lfl2l . 0~3), lfl4l . Fig. |2]represents emulators 
of meminductive and memcapacitive systems based on a 
floating-inductor simulation circuit lfl2l . Each of the circuits 
in fig. |2]employs one memory element (memristor), two other 
passive and two active elements. The equations governing the 
effective meminductive and memcapacitive behaviors are the 



same as Eqs. (|3]4j) and Eqs. (|5]6jl, respectively. 

In conclusion, we have presented emulators of floating 
memcapacitive and meminductive systems using second gen- 
eration current conveyors involving either four single-output 
or two dual-output current conveyors. The resulting circuits 
mutate memristive system's dynamics into an effective mem- 
capacitive and meminductive response. Since memristor emu- 
lators can be easily made from off-the-shelf components Q, 
1 8 1, [4j, we expect these mutators to find widespread use in 
electronic applications with memdevices. 
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